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D e v e l o p e n t  of  Chemical Ana lys i s  Techniques 
f o r  
Advanced Mate r i a 1 s Research Program 
A W R A C T  
A s e r i e s  of spark source  mass s p e c t r o g r a p h i c  procedures  
have been developed i n  an e f f o r t  t o  s p e c i f y  r e l i a b l e  a n a l y t i c a l  
t echn iques  f o r  t h e  de t e rmina t ion  of  D u i k  i m p u r i t i e s  i n  r e f r a c t o r y  
o x i d e s .  These i n c l u d e  t h e  d e t e r m i n a t i o n  of g a s e s  and b u l k  
i m p u r i t i e s  i n  both s o l i d  and powdered specimens. The accuracy  of 
t h e  mass s p e c t r o g r a p h i c  methods has  been checked by emiss ion  
spec t rog raphy ,  w e t  chemistry, a n a  vacuum methods,  
I .  INTRODUO'ION 
The o b j e c t i v e s  of t h i s  program have been t h e  s p e c i f i c a t i o n  of 
I 
r e l i a b l e  a n a l y t i c a l  t echn iques  f o r  bulk i m p u r i t i e s  and g a s e s  i n  r e f r a c t o r y  
m a t e r i a l s  ( e . g . ,  magnesium ox ide  and t an ta lum c a r b i d e ) .  T h i s  program of 
s t u d y  was i n i t i a t e d  because of t h e  i naccuracy  of a n a l y t i c a l  results ob ta ined  
from commercial l a b o r a t o r i e s ,  due  i n  p a r t  t o  a lack  of experience i n  ana lyz -  
i n g  t h e  m a t e r i a l s  of interest, and a l s o  t o  t h e  wide d i v e r s i t y  of  methods 
used t o  c h a r a c t e r i z e  the i r  impur i ty  c o n t e n t s .  Carraercial  a n a l y t i c a !  
l a b o r a t o r i e s  handle  a g r e a t  many d i f f e r e n t  m a t e r i a l s ;  the i r  major  conce rn  i s  
speed  r a t h e r  t han  accu racy ,  w h i c h  has l e a d  t o  a tendency t o  handle  a l l  mate- 
r i a l s  i n  t h e  same manner. 
The a n a l y s e s  of in terest  t o  the Jet  P r o p u l s i o n  Labora to ry  have 
inc luded  b u l k  i m p u r i t i e s ,  both m e t a l l i c  and n o n m e t a l l i c ,  a n d  the i n t e r s t i -  
t i a l s .  I n  commercir l  l a b o r a t o r i e s  t h i s  e n t a i l s  t h e  use of a t  l e a s t  f i v e  
d i f f e r e n t  methods: emiss ion  spec t rog raphy  f o r  m e t a l l i c  I m p u r i t i e s ,  wet 






chemistry or combustion techniques for nonmetallic impurities, vacuum 
fusion or inert gas fusion for oxygen, Kjeldahl technique for nitrogen, 
and extraction for hydrogen. This diversity of technique, coupled with 
the problem of standardization, makes intralaboratory comparisons of 
results difficult. 
With these problees in mind, we hqve developed a series of 
analytical methods for detecting all impurities in refractory materials. 
The spark source mass spectrograph is the tool, and the methods used meet 
all JPL requirements concerning srmple size, accuracy, and reproducibility. 
11. RESULTS 
In the sections which follow, ne describe briefly the spark source 
mass spectrographic techniques which have been developed and applied t o  
refractory materials of interest to JPL. 
in a series of appendices which appear at the end of this report. 
choice of mass spectrography, as t h e  most useful analytical tool, was made 
after an extensive literature search. 
Detailed procedures are c m p i  led 
The 
A .  Literature Survey. 
As the first step i n  this study, a systematic survey of the 
literature was made in order to ascertain the accuracy, sensitivity, and 
usefulness of c m o n l y  available analyticai methods, Since the reliability 
of analytical data for refractory materials is a common problem, a great  
many pertinent references were found. 
used techniques were found to be almost exactly the same for all refractory 
systems - metals, oxides, and carbides. The problem of metallic impurities 
is generally bolved hy using ei ther  miss !cs  cf X - i h ,  ppecirsjeopy. 
The ordinary ana m o s t  widely 3-18 
-. ine 
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1 n t c . r s t i t i a l  c-lements ( ca rbon ,  n i t r o g r n .  oxygen, and hydrogen)  a r e  also 
ana lyzed  by us ing  a m i n i m u m  of methods. Gases  a r e  normally done by v i t h e r  
vacuum or  iner t  g a s  f u s i o n ,  a l though o t h e r  methods of  a n a l y s i s  a r e  a v a i l -  
a b l e .  
an  a l t e r n a t e  method f o r  hydrogen i s  t he  hot  e x t r a c t i o n  t echn ique .  
n o n m e t a l l i c  e lements  such a s  s u l f u r ,  phosphorus,  and boron ar t .  dvtvrmined 
by w e t  chemical  and c o l o r i m e t r i c  methods.  
Ni t rogen  i s  a l s o  handled by t h e  K je ldah l  wet chemical  method, and 
. 
The 
These  t e c h n i q w s  a l l  have a common f a u l t :  a t  the lowvr cnd o f  
t h e i r  s e n s i t i v i t y  l i m i t s ,  t h e y  become i n a c c u r a t e .  Sincc. t h v  impur i ty  
l t i v f ~ l s  expec ted  i n  JPL m a t e r i a l s  a r e  i n  t h e  1 - 1 0 0  p p  range,  many o f  these 
c m o n  methods a r e  inadequa te .  T h i s  loss  of  accuracy  and tht :  problems 
encoun te red  i n  t r y i n g  t o  compare a n a l y t i c a l  resul ts  f o r  t h e  same element 
b u t  from d i f f e r e n t  techniques !ed us t o  c o n s i d e r  the spark  source  mass 
spec t rog raph  f o r  a n a l y s e s  of a l l  impurities i n  r e f r a c t o r y  ox ides  and car- 
b i d e s .  
8 .  Mass Spec t rography a s  an A n a l y t i c a l  Tool .  
Spark s o u r c e  mass spec t rog raphs  have Deen a v a i l a b l e  commercial 1 y  
f o r  on ly  f i v e  y e a r s .  The extreme s e n s i t i v i t y  of the spec t rog raph  has  
prompted i t s  pr imary use  i n  t h e  a n a l y s i s  of  dopan t s  i n  semiconductor  mate- 
r i a l s .  However, t h e  i n s t r u m e n t  has some a t t r a c t i v e  f e a t u r e s  which make i t  
I 
u s e f u l  f o r  t h i s  t ype  of s t u d y ,  namely, e x c e l l e n t  s e n s i t i v i t y  ( 1  ppbi and 
coverage  of a l l  elements. 
The spa rk  s o u r c e  mass spec t rog raph  uses an rf spa rk  between two 
conduc t ing  e l e c t r o d e s  t o  i o n i z e  t h e  m a t r i x  and i m p u r i t y  c o n t e n t  of  t h e  
sample.  The i o n s  foxmed i n  t he  spark a re  a c c e l e r a t e d  i n t o  the f i r s t  o f  
two a n a l y z i n g  s e c t i o n s  The f i r s t  s e c t i o n  i s  an e l e c t r o s t a t i c  a n a l y z e r  
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B h i c h  i s  necessa ry  because of the energy spread  imposed on the  ion  bcam 
by t h e  e n e r g e t i c  r f  spa rk .  Then, a f t e r  the ions  have been energy s t l l e c t c d ,  
t h e y  pas s  i n t o  t h e  magnet ic  ana lyze r  where t h e y  f a l l  upon a photographic  
p l a t e  w h i c h  is  p laced  a t  the focus  of the magnet ic  s e c t o r .  Thus, t h e  
o n l y  res t r ic t ions  p laced  GII t h e  sample arp those  c f  e l e c t r i c a l  c o n d u c t i v i t y  
and a b i l i t y  t o  wi ths t and  high vacuum 
I n  actual  p r a c t i c e ,  i t  has been found p o s s i b l e  io i gnore  t h e  
e l e c t r i c a l  c o n d u c t i v i t y  requi rement  f o r  many samples .  The vacuum r e q u i r e -  
m e n t  imposes problems on the m a t e r i a l s  of  in terest  s i n c e  t h e y  a r e  u n e f f e c t e d  
by t h e  vacuum. The only  r e s t r i c t i o n ,  i n  p r a c t i c e ,  i s  sample s ize .  The re  
m u s t  be enough m a t e r i a l  a v a i l a b l e  f o r  two e l e c t r o d e s  1 /16"  d i m  by 1/2" long.  
I f  t h i s  requi rement  can be met, i t  i s  t h e n  p o s s i b l e  t o  ana lyze  a r e f r a c t o r y  
ox ide  f o r  m e t a l l i c ,  nonmeta l l i c ,  and i n t e r s t i t i a l  i m p u r i t i e s  down t o  a level 
of 1 pa r t -pe r -b i l l i on -a tomic  wi th  an accu racy  o f  + 50%. 
immediately a r i s e s  i s  a d a p t i n g  t h i s  method f o r  the hand l ing  of  powders. 
The problem w h i c h  
i .  Powder methods.  
S i n c e  a p a i r  of e l e c t r o d e s  1/16" x 1/2" a r e  r e q u i r e d  f o r  mass 
s p e c t r o g r a p h i c  a n a l y s i s ,  sane method f o r  c o n v e r t i n g  powders t o  a p p r o p r i a t e  
e l e c t r o d e  shapes  must be cons idered .  
A s t a n d a r d  t echn ique  f o r  hand1 ing  powders,19 developed by workers  
i n  t h e  f i e l d ,  has k e n  modif ied  f o r  t h i s  p a r t i c u l a r  problem. T h i s  method 
i n v o l v e s  adding a weighed amount of h i g h - p u r i t y  g r a p h i t e  o r  s i l ve r  powder 
t o  a weighed amount of the powderea sample.  G r a p h i t e  and s i l ve r  a r e  chosen 
because of their e a s e  of compaction a s  well  a s  f o r  t he i r  e l e c t r i c a l  charac-  
t e r i s t i c s .  The powders are mixed thoroughly  by snaking  and t h e n  p re s sed  
i n t o  an a p p r o p r i a t e  shape  a t  a p r e s s u r e  of  approximate ly  12,080 p s i .  T h i s  
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shou ld  produce a conduct ing  e l e c t r o d e  w i t h  t h e  .sample homogeneously d i s -  
p e r s e d  i n  B n o n i n t e r f c r i n g  m a t r i x .  
I :* 
The major  problem we have had w i t h  t h i s  t echn ique  has  been con- 
ce rned  w i t h  high levels of  i m p u r i t i e s  from the d i e  contaminat ing  t h e  s u r f a c e  
c f  t h e  compact. 
and i t s  subsequent  removal. 
s o u r c e  o f  t h i s  con tamina t ion ,  since high levels of  i r o n ,  n i cke l ,  and chro-  
m i u m  can subsequen t ly  be removed. Apparent ly ,  hydrocarbons a l s o  come from 
the  d i e ,  a l t hough  i t  i s  not  o i l e d .  The t r e a t m e n t  w e  have found s u c c e s s f u l  
f o r  removal of t h e  s u r f a c e  contaminat ion  invo lves  phys ica l  removal of  t h e  
s u r f a c e  and subsequent  baking i n  the mass spec t rog raph .  
a r e  removed from the d i e ,  the  s u r f a c e  i s  scraped  w i t h  a b l a t i n u m  o r  tan ta lum 
t o o l ,  a f t e r  which the e l e c t r o d e s  are s p l i t  lengthwise. The electrodes are  
p laced  i n  t h e  source i n  such a manner tha t  the f r e s h l y  cleaved surfaces 
a r e  opposed so that  s p a r k i n g  occurs  between c l e a n  s u r f a c e s .  
F i g u r e  1 shows an extreme example o’f t h i s  c o n t a i n a t i o n  
The w a l l s  of  t h e  d i e  are undoubtedly the  
A f t e r  t h e  e l e c t r o d e s  
Next, t h e  sou rce  is evacuated  and baked f o r  twelve hours  a t  a 
t e m p e r a t u r e  of 150°C.  
spark  exposure  of 100 x 10 couiombs. 
The l a s t  s t e p  i n  t h e  c l e a n i n g  procedure  i s  a pre-  
-9 
F i g u r e  1 shows a major  hydrocarbon. The contaminant  i n  the 
upper p l a t e  of  F i g .  1 i s  hydrocarbon w h i c h  p redominates  i n  the prespark  
exposure .  
above,  shows no hydrocarbon contaminant  and markediy reduced levels f o r  
f l u o r i n e .  w a t e r ,  and i r o n .  Checks w i t h  well-known m a t e r i a l s  have v e r i f i e d  
the e f f i c i e n c y  of th is  c l e a n i n g  procedure.  
The second p l a t e ,  w h i c h  was t r e a t e d  by the procedure d e s c r i b e d  
T a b l e  1 i l l u s t r a t e s  the magnitude of con tamina t ion  p o s s i b l e  i f  
i h t :  c i e a n i n g  ireaimeni is  w i t t e d .  The maier ia i  i s  Z i - B  %yG, mixed w i t h  
I 
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FIG. 1 Mass spectra of  MgO samples. The upper p l a t e  has been presparked 
but not baked. 
e x t e n s i v e  1 y prespar ked. 




two parts by weight of pure silver powder. and analyzed mass spectro- 
graphically with and without surface cleaning. 
Table 1. Effect o f  cleaning procedure on mass spectrographic 
analysis of JPL 8 (ppm A) .  
Without Surface Treatment 
1 
3of)o 
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< 1  
35 
75 
< 1  
115 
75 
< 1  
30 




< 1  
< 1  
10 
2 
Also of interest is the analysis of  commercially-available 
high-purity MgO A sample of Fisher M-300 YgO has been anaiyzed by the 
technique described above and the resu l t s  o f  this analysis are shown in 
Table 2, using JPL-6 as a comparison. 
During the contract period. all work on powders has involved 
the use of a high-purity silver powder obtained frm L. Light C o . ,  Ltd., 
Colnbrook, England. This material was analyzed prior t o  its use and was 
found to make no significant impurity contribution at the 1 p p  level. 
Silver has proved superior t o  graphite for this use for two reasons. 
The electrodes produced from a 2 t o  i silver-to-Mg0 mixture are much 
stronger and easier t o  handle than the comparable graphite mixture. 
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Also ,  i n t e r f e r e n c e s  i n  t h e  mass spectrum of  s i l v e r  a r e  n o n e x i s t e n t  s ince 
m u l t i p l y  cha rged  s p e c i e s  f a l l  a t  f r a c t i o n a l  masses, w h i l e  g r a p h i t e  g i v e s  
r ise t o  e series of  polymeric i o n s  a t  masses  24 and 25, 36 and 37, 40 and 
49, e t ‘ .  
Tab le  2. Mass s p e c t r o g r a p h i c  a n a l y s i s  o f  
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> 2  
50 
40 
< 1  
35 
75 




< I  
3 
< i  
15 
< 1  
< i  
2 
10 
c i  
i i .  Mass s p e c t r o g r a p h i c  a n a l y s i s  of bulk i m p u r i t i e s .  
Mass s p e c t r o g r a p h i c  a n a i y s i s  of both m e t a l l i c  ana nonmeta l l i c  
bulk i m p u r i t i e s  i n  MgO has been s t r a i g h t f o r w a r d .  
s e n s i t i v i t y  c o e f f i c i e n t s  uh ich  o c c a s i o n a l l y  g i v e s  r i se  t o  s p u r i o u s  results 
has not bo the red  us i n  e i ther  YgO or TaC matrlces. 
The problem of abnormal 
The procedure foi- the a n a l y s i s  o f  bulk i m p u r i t i e s  i nvo lves  a 
graded  ser ies  o f  exposures  on the pho top ia t e  w h i c h  range  from O.OOO1 t o  
io x 10- Each exposure d i f f e r s  from a d j e c e n t  exposures by 8 
factor  o i  three so inar impur i ty  iines can be  r ead  on a t  i ea s i  LWO 










A n a l y s i s  of t h e  pho top la t e  d a t a  has  been p e r f o m r d  by two 
methods:  v i s u a l  and mic rodens i tome t r i c .  The v i s u a l  method i s  s implp and 
r a p i d  and has been u s d f o r  the m a j o r i t y  o f  the d a t a  a n a l y s i s .  The method 
i s  based on v i sua l  e s t i m a t i o n  of the exposure  n e c e s s a r y t o  produce a 
" b a r e l y  d e t e c t a b l e "  l i n e  f o r  an i m p u r i t y  e lement ,  E i .  A n  e s t i m a t e  i s  a l s o  
made of t h e  exposure  necessa ry  t o  produce a b a r e l y  d e t e c t a b l e  l ine f o r  an 
i n t e r n a l  s t a n d a r d ,  E w h i c n  i s  u s u a i i y  a major  c o n s t i t u e n t .  
S *  
From t h e s e  e s t i m a t e s ,  t h e  impur i ty  c o n c e n t r a t i o n  has  been c a l -  
c u l a t e d  w i t h  t h e  a i d  of the fo l lowing  expres s ion :  
- X L K -  E S  Is ss 6 
Ei 100 I i  Si 
X - x l O  = p p A  ( 1 )  
where x i s  t h e  c o n c e n t r a t i o n  of the i n t e r n a l  s t a n d a r d ,  Is i s  t h e  abundance 
of  t h e  i s o t o p e  of t h e  s t a n d a r d  upon which t h e  e s t i m a t e  i s  based ,  X i  i s  the 
co r re spond ing  q u a n t i t y  for the impur i ty  e lement ,  and Ss and Si a r e  r e i a t ive  
sens i t i v i t i e s  of the s t anda rd  and i m p u r i t y .  I n  t h i s  a n a l y s i s ,  t h e  assumption 
has  been made t h a t  i o n  i n t e n s i t y  i s  l i n e a r  w i t h  c o n c e n t r a t i o n .  T h i s  assump- 
t i o n  has  proven v a l i d  f o r  a l a r g e  number o f  a n a l y s e s .  
E a r l y  i n  t h i s  s tudy ,  t h e  mic rodens i tome t r i c  method was used .  
Measurements of l ine  d e n s i t y  were made i n  a manner s i m i l a r  t o  t h a t  used f o r  
emis s ion  s p e c t r o g r a p h i c  p l a t e s .  The l ine  d e n s i t y  s o  o b t a i n e d  was reduced 
by a g r a p h i c a l  t echn ique  t o  a v a l u e  of  Es ( o r  E 1, and s u b s t i t u r e d  i n t o  
Eq. ( 1 ) .  Since resul ts  fram the two methods were comparable ,  the  v i s u a l  
method has been used i n  the interest  of  speed.  
i 
. Because of ine high p u r i t y  o f  rhe ;Pi m a r e r i a i s ,  we have nitrmaiiy 
been concerned w i t h  on ly  twelve t o  s i x t e e n  i m p u r i t i e s ,  a l l  i n  t h e  low-mass 
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r ange .  
values r e p o r t e d  f o r  sodium, potassium, anrd calcium a r e  based on the doubly 
i o n i z e d  l i n e s  a t  masses 11.5, 19.5, and 20, r e s p e c t i v e l y .  Th i s  i s  a normal 
p rocedure  for elements w h i c h  have h igh - the rma l - ion iza t ion  e f f i c i e n c i e s .  Since 
There  have been no unusual  problems of p l a t e  i n t e r p r e t a t i o n .  T h e  
l o c a l  h e a t i n g  of t h e  e l e c t r o d e s  i n  t h e  spark  a r e a  i s  unavoidable .  t h e  f i r s t  
s t a g e  of t h e s e  e l emen t s  is a lmos t  wholly due t o  thermal i o n i z a t i o n .  How- 
ever, i t  is lsrpnsribie t o  fern dar?b!y i a z i z e d  specie% such as Na 2+ , by 
t h e w a l  modes. 
i o n i z a t i o n  in t h e  spark  and as such,  iaay be uged f o r  a n a l y s i s .  A f a c t o r  
of f i v e  r e d u c t i o n  of i n t e n s i t y  has been used  f o r  t h e  second s t a g e  of 
i o n i z a t i o n  so t h a t  f o r  an element w i t h  an apparent  c o n c e n t r a t i o n  of 1 ppn 
d e r i v e d  from a doubly i o n i z e d  l i n e  t h e  c o n c e n t r a t i o n  is a c t u a l l y  5 ppm. 
The only  c a s e  of mass i n t e r f e r e n c e  encountered  d u r i n g  t h i s  work 
There fo re ,  the doubly i o n i z e d  s p e c i e s  a r e  the resul t  of 
has  concerned  t h e  d e t e w i n a t i o n  of carbon i n  magnesium oxide .  
i o n i z e d  Wg 
interferences have made t h e  mass s p e c t r o g r a p h i c  a n a l y s i s  f o r  carbon 
i m p o s s i b l e  w i t h  t h e  r e s o l u t i o n  a v a i l a b l e  in our  in s t rumen t .  
The doubly- 
2+ + l ine comple te ly  obscures  Cl2 w h i l e  Ugz6 obscures  C13. These 24 
A series o f  ldg0 materials have been ana lyzed  i n  an a t t empt  t o  
l o c a t e  s t e p s  i n  t h e  p roduc t ion  process  which may be  i n t r o d u c i n g  i m p u r i t i e s .  
F i g u r e  2 is a schemat i c  diagram of t h e  s t e p s  i n  t h e  JPL process  f o r  pro- 
duc ing  h i g k - p u r i t y  UgO from magnesium m e t a l .  Samples of m a t e r i a l  f r m  
s t e p s  2, 3, 4, 5 ,  10, 11, and 13 have been ana lyzed  by mass spec t rog raphy  
and t h e  results a r e  shown i n  T a b l e  3. Pondered m a t e r i a l s  were mixed w i t h  
s i lver  and p r e s s e d  i n t o  e l e c t r o d e s ,  w h i l e  t h e  s o l i d  m a t e r i a l s  were ana lyzed  
by a technique t o  be dTscr ibed  i n  p a r t  i v .  of t h i s  s e c t i o n .  
o f  t h e  magnesium metal s t a r t i n g  m a t e r i a l  have a l s o  been ana lyzed  and these 
results are shown i n  Tab le  4 .  
Two samples  
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FIG. 2 J e t  P r o p u l s i o n  Laboratory p r o c e s s  for p r o d u c t i o n  of high 
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Table  3. 
Sample No. 
Mass s p e c t r o g r a p h i c  a n a l y s e s  of J P L  WgO I p p  A ) .  
9 
10 - -  1 1  13 -5 - 4 - 3 - 2 - 
B 3 1 5 5 3 8 < 1  
A1 * 30 15 5 3 0  
N% < 1  f 1 2 1  < 1  1 < 1  
F 17 >200 >I25 >250 >250 30 50 
Si 190 175  115 170 75 65 80 . 
Ca 12 75 60 30 40 30 30 
c 1  65 125  110 95 45 35 55 
Fe 8 3 20 8 20 14 10 
~- 
A l u m i n u m  sample holders have masked A1 impur i ty  i n  
these cases. 



















A 1  












i 3  
18 








The most obvious conc lus ion  t o  be drawn frm these a n a l y s e s  i s  
the effect  of the e x t r a c t i o n  s t e p  using I T A  and hexone. Samples w h i c n  




















have n o t  been throtrgh t h e  e x t r a c t i o n  s t e p  a r e  n o t i c e a b l y  c l e a n e r  than  t h o s e  
w h i c h  have been e x t r a c t e d ,  p a r t i c u l a r l y  w i t h  r ega rd  t o  t h e  v o l a t i l e  
i m p u r i t i e s .  F l u o r i n e  levels i n  t h e  u n e x t r a c t e d  samples a r e  much lower .  
Also  o f  in terest  i n  t h i s  connec t ion  i s  t h e  a n a l y s i s  of JPL g49, a sample 
of rag0 received early in :966. 
chelate e x t r a c t i o n  s t e p  and anhydrous ammonia was used i n  p l a c e  of NHqOH 
a s  a p r e c i p i t a t i n g  r e a g e n t .  
f r a t  t h e  normal powder t e c h n i q u e .  
This m a t e r i a l  had not been through t h e  
T a b l e  5 shows t h e  a n a l y t i c a l  results ob ta ined  
Tab le  5 .  Mass s p e c t r o g r a p h i c  a n a l y s i s  of JPL Xq9 (ppp A ) .  
B < I  
N 65 
F 8 
Na < 1  
A 1  11 
si 4 0  




JPL g49 i s  a l s o  obv ious ly  a c l e a n  m a t e r i a l ,  but the expec ted  advantages  of 
us ing  anhydrous aaPlonia have not been demonst ra ted  i n  t h i s  one sample.  
i i i .  A n a l y s i s  of i n t e r s t i t i a l s .  
Analyses  f o r  carbon,  n i t r o g e n ,  oxygen, and hydrogen a r e  d i f f i c u l t  
The widespread occurrence  of these eiements and the e a s e  f o r  many r e a s o n s .  
w i t h  which t h e y  can  b e  adsorbed on a sample s u r f a c e  a r e  the major  problems 
a s s o c i a t e d  w i t h  their  a n a l y s i s .  
i h e  prope r i i e s  of m a t e r i a i s ,  even a t  ton levels, makes t h e i r  a n a l y s i s  
c r i t i c a l l y  i m p o r t a n t .  
The marked e f f e c t  these e l emen t s  have on 
- 11 - 
A t  the  p r e s e n t  time, there i s  a g r e a t  d e a l  of i n t e r e s t  i n  high- 
p u r i t y  mater ia ls .  These m a t e r i a l s  o f t e n  have i n t e r s t i t i a l  element concen- 
t r a t i o n s  t o o  low t o  be r e l i a b l y  measured by s t a n d a r d  t echn iques .  For  
example,  oxygen c o n c e n t r a t i o n s  below 50 p p  u t .  approach the s e n s i t i v i t y  
l i m i t  of t h e  vacuum f u s i o n  technique .  h i s s i o n  s p e c t r o g r a p h i c  a n a l y s i s  
o f  g a s e s  a l s o  s u f f e r s  f rm a blank problem and a sensi t ivi ty  problem. 
i n  an e f f o f i  t o  avoid ihe d u a l  protiems t f  Using iechniques a t  
the  l i m i t ’  o f  their  s e n s i t i v i t i e s  and us ing  f o u r  d i f f e r $ n t  t echn iques  f o r  
t h e  f o u r  elements, we have developed a mass s p e c t r o g r a p h i c  method f o r  the  
a n a l y s i s  of these elements. The method i s  f u l l y  d e s c r i b e d  i n  Appendix A .  
Q u a n t i t a t i v e  ana lyses  of gases  by the spa r?  s o u r c e  mass s p e c t r o -  
graph  have been d i f f i c u i t  because of the presence  of n i t r o g e n ,  oxygen, and 
hydrogen i n  t h e  r e s i d u a l  vacuum of  the instrument. Another compl i ca t ing  
f a c t o r  was t h e  poss ib i l i t y  a f  g a s e s  remaining i n  the spark  a r e a ,  w h i c h  would 
l e a d  t o  abnormally high s ens i t i v i ty  c o e f f i c i e n t s .  S t u d i e s  a t  B a t t e l l e  
Memorial I n s t i t u t e  i n d i c a t e d  t h a t  the s u r f a c e  c o n d i t i o n  of  the samples  was 
a l s o  of  prime importance.  
W i t h  these c o n s i d e r a t i o n s  i n  m i n d ,  we have devqlopea a procedure  
t o  a n a l y z e  g a s e s  i n  m e t a l s  as  well a s  nonmetals u s ing  t h e  spark  source mass 
s p e c t r o g r a p h .  The most impor tan t  po in t  i n  the procedure  i s  c a r e f u l  a t t e n -  
t i o n  t o  t h e  s u r f a c e  c o n d i t i o n  of the sample.  A combina t ion  of  e t c h i n g ,  
baking  in t h e  in s t rumen t  sou rce ,  and p respa rk ing  l e a d s  t o  removal of adsorbed 
s u r f a c e  l a y e r s .  As a deterrent t o  r e a d s o r p t i o n  of g a s e s ,  t h e  a n a l y t i c a l  
exposures  a r e  t aken  i n  t h e  reverse of the i r  normal o r d e r .  
exposure  i s  taken f i r s t  (30 t o  100 X coulombs) ,  t h e n  the l o n g e s t  
a n a l y t i c a l  exposure ,  fo l lowed by successively s h o r t e r  exposures .  T h i s  
The p respa rk  
- 12 - 
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procedure  t e n d s  t o  keep the sample h o t  and t o  prevent  r e a d s o r p t i o n  of t h e  
g a s e s  p r e s e n t  i n  t h e  sou rce .  
The levels of gas  p r e s e n t  i n  the source  probably g i v e  r i s e  t o  a 
low-level blank w h i c h  i s  s t r i c t l y  dependent upon the vacuum i n  t h e  s o u r c e .  
I n  an a t t empt  t o  e v a l u a t e  t h i s  b lank ,  we have r u n  several = a t e r i a l s  w h i c h  
should  have v e r y  low g a s  c o n t e n t s .  
go ld  sample showing smal l  amounts ( 1  p p  A )  of n i t r o g e n ,  oxygen, and ca rbon .  
I t  is imposs ib l e  t o  d i s t i n g u i s h  between blank and a c t u a l  g a s  c o n t e n t  of t h e  
gold a t  t h i s  level,  b u t  t h e  p l a t e  demonst ra tes  the f e a s i b i l i t y  o f  the 
method a t  l e a s t  t o  t h e  1 p p  A level. 
F i g u r e  3 i s  t h e  'tow mass spectrum of a 
A t  the s t a r t  of th is  s t u d y ,  hydrogen a n a l y s e s  by mass spec t rog raphy  
were c o n s i d e r e d  t o  be unusua l ly  d i f f i c u l t  because t h e  magnet po le  p i e c e s  had 
been hydrogen annea led .  T h i s  supposedly would l e a d  t o  a low-level source  
of hydrogen and a high b l ank .  I n  p r a c t i c e ,  t h i s  has been proven t o  be un-  
true. By us ing  the e t c h i n g ,  baking ,  and p respa rk ing  t echn ique  we have been 
a b l e  t o  conduct  ana yses f o r  hydrogen below I ppm w t .  f o r  r e f r a c t o r y  m e t a l s .  
The f i r s t  s t e p  i n  t h e  development of a method f o r  i n t e r s t i t i a l s  
was a s t u d y  of the e f f e c t s  of e t c h a n t s .  
might lead  t o  high n i t r o g e n  v a l u e s  and p o s s i b l y  t o  high oxygen v a l u e s  
because  of t h e  format ion  of o x i d e s  on the s u r f a c e  of the sample.  However, 
t h e  baking  and p r e s p a r k i n g  s t e p s  a p p a r e n t l y  remove a l l  t r a c e s  of  ox ide  
because  w e  have been a b l e  LO d u p l i c a t e  National. Bureau of S tanda rds  v a l u e s  
f o r  n i t r o g e n  end oxygen i n  HN03-etcned s tee ls .  
I t  was slrspected t h a t  HN03 etches 
The a v a i l a b l e  NBS g a s  s t a n d a r d s  a r e  s t e e l s ,  c e r t i f i e d  f o r  n i t r o g e n  
T a b l e  6 l i s t s  the r e s u l t s  of mass s p e c t r o g r a p h i c  a n a l y s e s  on and oxygen. 
f o u r  of these samples  and a c m p a r l s o n  w i t h  t h e  c e r t i f i e d  v e i u e s .  
- 13 - 
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FIG. 3 Low mass region mass spectrum of  gold showing low 
leve ls  of  carbon, nitrogen and oxygen. 
r-' 
. .  
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T a b l e  6. Mass s p e c t r o g r a p h i c  a n a l y s e s  of 
NBS C e r t i f i e d  S t e e l s  (ppm n t . ) .  
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Some of t..e samples anG sme of t h e  r u n s  used HF-HC1 e t c h e s ,  
w h i l e  t h e  remainder  used "O e t c h e s  w i t h  no discernible d i f f e r e n c e  i n  
results. 
3 I 
As ano the r  t e s t  of t h e  mass s p e c t r o g r a p h i c  method, we p a r t i c i p a t e d  
i n  a round rob in  concern ing  t h e  a n a l y s i s  of i n t e r s t i t i a l s  i n  r e f r a c t o r y  
m e t a l s  sponsored by the Na t iona l  Academy of S c i e n c e s .  
spec t rog raph  l a b o r a t o r y  ( B e l l  and Howell) p a r t i c i p a t e d .  A l l  the o t h e r  
p a r t i c i p a t i n g  l a b o r a t o r i e s  used s t anda rd  t echn iques  s u c h  a s  vacuum f u s i o n ,  
iner t  g a s  f u s i o n ,  ho t  e x t r a c t i o n ,  and t h e  K j e l d a h l  method f o r  n i t r o g e n .  
T a b l e  7 l i s t s  t h e  results of both mass s p e c t r o g r a p h i c  a n a l y s e s  and t h e  
ave rage  of t h e  o t h e r  methods used .  Tab le  7 i n d i c a t e s  t h a t  the accuracy  of 
t h e  method Is a t  l e a s t  adequa te .  
c l a s s i c a l  methods i n d i c a t e s  t h a t  t h e  sp read  among the t w e n t y  p a r t i c i p a t i n g  
O n l y  one o t h e r  mass 
A compi l a t ionm of the a n a l y s e s  by 
- 14 - 
l a b o r a t o r i e s  makes mass spec t rography a c o m p e t i t i v e  method. S i n c e  these 
m a t e r i a l s  were not h i g h l y  p u r i f i e d ,  t h e  l e v e l s  of  the i n t e r s t i t i a l s  were 
not  u n u s u a l l y  low. The s ens i t i v i ty  of t he  mass spec t rog raph  i s  o f  the 
o r d e r  o f  0.01 p p  w t . ,  a f i g u r e  & i i c h  c o u l d ' n o t  be approached by any of 
the c l a s s i c a l  t echn iques .  
T a b l e  7. Caaparison of mass spec t rog raph  w i t h  s t a n d a r d  me,thods 
f o r  i n t e r s t i t i a l s  i n  r e f r a c t o r y  m e t a l s  (ppn w t . ) .  
Tantalum N i obi  urn Molybdenum Tungs ten 
- MS C l a s s i c a l  5 C l a s s i c a l  #s Classical  C l a s s i c a l  
Carbon 20 19 28 18 215 228 27 22 
Ni t rogen  7 31 12 48 6 14 l i  1 3  
Oxygen .16 25 34 53 33 14 46 9 
Hydrogen 40 26 1.8 2.0 0 . 7  1.0 1.8 0 . 9  
i v .  Direct a n a l y s i s  of  nonconductors.  
The a n a l y s i s  of  s o l i d  i n s u l a t i n g  m a t e r i a l s  by s p a r k  sou rce  mass 
spec t rog raphy  has  a lways been a d i f f i c u l t  problem. M a t e r i a l s  w i t h  v e r y  
low c o n d u c t i v i t y ,  s u c h  as s i l i c o n  and uranium d i o x i d e ,  can be sparked  
and ana lyzed  s u c c e s s f u l l y ,  bu t  i n s u l a t o r s ,  i n c l u d i n g  MgO, have been m o r e  
d i f f i c u l t .  The re  a r e  s e v e r a l  t echn iques  a v a i l a b l e  f o r  t h e  a n a l y s i s  of 
i n s u l a t o r s  b u t  each has  a s e v e r e  drawback. The m o s t  c m o n  method i s  t c  
reduce  s o l i d  p i e c e s  t o  a powder by g r i n d i n g  and t h e n  u s ing  t h e  t echn ique  
d e s c r i b e d  i n  Appendix A .  T h i s  l e a d s  t o  contaminat ion  of  the  powder from 
m a t e r i a l s  p icked  up from t h e  m o r t a r  and p e s t l e .  I n  h i g h - p u r i t y  m a t e r i a l s  
a n a l y s i s  these i m p u r i t i e s  tend LO overshadow the a c t u a l  impur i ty  c o n t e n t .  
An a l t e r n a t i v e  t echn ique  uses m e t a l l i c  e l e c t r o d e s  tCr which t h e  
nonconductors  a r e  p h y s i c a l l y  bound. 
e l e c t r o d e s  and i s  t h e n  t r a n s f e r r e d  t o  t h e  i n s u l a t o r .  The obvious 
A spa rk  is drawn between the  conduc t ing  
- 15 - 
disadvantage of this method is the appearance of the metallic electrodes 
in the mass spectrum of the material of interest. The method is useful 
only in a qualitative analysis. 
A third possibility is a method which has recently been developed 
at Dell and Howell Research Center. 
high-purity metal counter electrode. 
om electrode while the electrode on the rf side of the circuit would be 
high-purity gold .  It is claimed that the contribution from the rf side 
can be kept to %lo% of the total ion current. Since gold is available in 
extremely high purity, contributions of up to 10% i n  the mass spectrum 
should not interfere in the impurity analysis of  the MgO. 
be a reasonable approach to our problem with solid MgO pieces. so it was 
tried in this laboratory with the results shown in Fig. 4 .  Examination o f  
the plate shown in Fig. 4 reveals that the gold line at mass 197 is varying 
and is also greater than 3-10s of each exposure. This indicates that while 
appreciable amounts of YgO are being ionized, the gold is a l s o  making a 
major contribution to the mass spectrum. The varying gold content of each 
exposure makes quantitative interpretation of the plates impossible because 
the amount of MgO in a given exposure can only be estimated. 
This technique entails the use o f  a 
For example, a piece o f  #go would be 
This seemed t o  
I 
R 
Since all of the above techniques exhibit some disadvantage, we 
decided to try direct sparking of two insulating electrodes. 
communication21 f r m  the laboratories at Associated Electrical Industries 
informed us that this has been done with small single crystals of 4 0 .  
This would be the m o s t  direct and satisfactory technique because it would 
avoid the inconvenience of  conducting additives and the resultant inter- 
ference i n  rne mass spectrm. 
A private 
4 
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FIG. 4 Mass spectra  of  compacted MgO specimen wi th  a go ld  counter 
e l ec trode .  Note t h e  varying amount of g o l d  i n  the  spectra .  
I 
The f i r s t  a t t empt  a t  d i r e c t  spa rk ing  of two p i e c e s  of  MgO was 
encouraging .  High-spark v o l t a g e s  were used and some intermittent spark-  
i ng  was observed .  
ma jo r  problems.  Since a l l  i m p u r i t i e s  of  interest  a r e  a t  t he  1 p p  l e v e l  
o r  h i g h e r ,  a g r e a t  d e a l  of i o n  current i s  not  necessa ry  f o r  t h e  a n a l y s i s  
o f  YgO. 
the  twc electrcdes h e l d  in a l m i ~ m  c l a ~ p s  t o  eiisiire good e l e t t r i c a ;  
c o n t a c t .  I n s t r u m e n t  parameters  a r e  d e s c r i b e d  i n  Appendix C.  
Loca l  h e a t i n g  and crumbl ing  of  the e l e c t r o d e s  were the 
The t echn ique  f i n a l l y  evolved uses 60 k V  of  spa rk  v o l t a g e  w i t h  
A t y p i c a l  mass spectrum from two MgO e l e c t r o d e s  i s  s h o w n  i n  
The s o l i d  p i e c e s  were suppor ted  i n  aluminum clamps and a spark  F i g .  5. 
v o l t a g e  of  55 kV was used .  The spectrum i s  c l e a n  and normal p l a t e  
i n t e r p r e t a t i o n  t echn iques  a r e  used except  f o r  elements s u s c e p t i b l e  t o  
thermal i o n i z a t i o n .  D u e  t o  t h e  severe l o c a l  h e a t i n g ,  we ge t  a marked 
enhanceaent  of  thermal  i o n i z a t i o n .  The elements o f  i n t e r e s t  which are 
a f f e c t e d  a r e  sodium, potass ium,  a n d  calcium. Use of the doubly i o n i z e d  
lines a t  11.5, 19.5, and 20, r e s p e c t i v e l y ,  l e a d s  t o  r e a s o n a b l e  a n a l y s e s ,  
a l though  there i s  a s l i g h t  l o s s  o f  s e n s i t i v i t y .  A f a c t o r  of  f i v e  f o r  the 
r a t i o  Ht/M++has been found t o  g i v e  the b e s t  resul ts .  
v .  Check  a n a l y s e s .  
As p a r t  of t h i s  program, checks have been made, using c l a s s i c a i  
t e c h n i q u e s ,  OR t h e  r e l i a b i l i t y  o f  the mass s p e c t r o g r a p h i c  method. M e t a l l i c  
elements have been determined u s i n g  t h e  m i s s i o n  s p e c t r o g r a p h ;  oxygen has  
been checked by inert g a s  f u s i o n ,  and hydrogen by hot  e x t r a k t i o n .  The 
i m p u r i t y  l e v e l s  i n  a l l  c a s e s  have been high enough so  t h a t  the s e n s i t i v i t y  
of t h e  c lass ica l  t echn ique  has  not  been pushed t o  t h e  l i m i t .  
The d e t a i l s  of the emiss ion  s p e c t r o g r a p h i c  method are  g iven  i n  
- 17 - 
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FIG. 5 Mass spectrum produced from two YgO electrodes. Spark voltage 
5.5 kV. The high aluminum content is from aluminum holders. 
Appendix D .  
a b l e  t o  g e t  good checks on mass spec t rog raph ic  v a l u e s .  The s e n s i t i v i t y  
problem h a s  been so lved  by us ing  second-order  s p e c t r a  f o r  a n a l y t i c a l  pur- 
poses .  T a b l e  8 shows d e t e c t i o n  limits f o r  i m p u r i t i e s  of  in te res t .  
A f t e r  some p re l imina ry  d i f f i c u l t i e s  w i t h  s e n s i t i v i t y  we were 
Tab le  8 .  Detec t ion  limits f o r  i m p u r i t i e s  i n  WgO 
by emiss ion  spec t rography ( p p  u t . ) .  
Boron 5 Ti tan ium 1 
Sod i urn 0 .01  Ch rom i urn 1 
Alum i num 1 Manga!Ic?se 1 
S i l i c o n  1 I r o n  1 
Pot  a s s  i urn 0.01 Copper 0.05 
Ca 1 c i urn 1 Coba 1 t 1 
Tab le  9 shows a comparison of  mass and emiss ion  s p e c t r o g r a p h i c  resu l t s  f o r  
two YgO powders and one sample o f  J P L  magnesium m e t a l .  
the two methods f o r  these samples  i s  excellent.  
The agreement between 
T a b l e  9 .  Comparison of mass and emission s p e c t u g r a p h i c  a n a l y s e s  ( p p  A ) .  
B 
Na 
A 1  
S i  
K 
Ca 
T i  
C r  
Mn 
Fe 
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4 0  / - 
ND - not  d e t e c t e d .  
A s  a further check on the  accuracy  of the mass s p e c t r o g r a p h i c  
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been ana lyzed  by emiss ion  spec t rography and  a comparison o f  the  r e s u l t s  is  
shown i n  T a b l e  10. 
r easonab ly  well. 
W i t h  the  except ion  of s i l i c o n  most of  the v a l u e s  a g r e e  
Check  methods f o r  t h e  gases  have inc luded  iner t  gas  f u s i o n  f o r  
Oxygen h a s  been de te rmined  i n  a 
6 
oxygen and hot e x t r a c t i o n  f o r  hydrogen. 
series o f  Na t iona l  Bureau of S tandards  m a t e r i a l s ,  both by mass spec t rog raphy  
end i n e r t  gas f u s i o n .  The results o f  oxygen a n a l y s e s  a r e  s h o w n  i n  
Appendix B .  Iner t  g a s  f u s i o n  ana lyses  o f  the same samples agreed  t o  w i t h i n  
i 30% of the c e r t i f i e d  v a l u e s .  
Hydrogen a n a l y s e s  have been performed u s i n g  t h e  c l a s s i c a l  ho t  
e x t r a c t i o n  technique. The appa ra tus  €o r  t h i s  a n a l y s i s  is  shown  in F i g .  6. 
Results from t h i s  system have been somewhat d i s a p p o i n t i n g  i n  t h a t  values 
by hot e x t r a c t i o n  have been h i g h e r  than mass s p e c t r o g r a p h i c  v a l u e s  f o r  
the same samples .  The normal procedure f o r  ho t  e x t r a c t i o n  hydrogen 
a n a l y s e s  i n v o l v e s  a mass s p e c t r o m e t r i c  g a s  a n a l y s i s  of the evolved g a s  
t o  de t e rmine  i t s  hydrogen c o n t e n t .  Since a g a s  mass spec t romete r  h a s  not  
been a v a i l a b l e  t o  us we have not been a b l e  t o  a s c e r t a i n  t h e  hydrogen con- 
t en t  of the g a s e s  e x t r a c t e d  from YgO samples .  
T a b l e  11 shows the results of mass s p e c t r o g r a p h i c  and ho t  
e x t r a c t i o n  a n a l y s e s  f o r  hydrogen i n  a group  o f  YgO samples .  The repro-  
d u c i b i l i t y  of the ho t  e x t r a c t i o n  system h a s  been poor c m p a r e d  t o  tne 
mass s p e c t r o g r a p h i c  technique. V a r i a t i o n s  of 100% have been observed  f o r  
hot  e x t r a c t i o n ,  w h i l e  f i s  t y p i c a l  f o r  mass spec t rog raphy .  
- 19 - 
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FIG. 6 Hot extraction system for hydrogen. 
I 
f 
T a b l e  10. Comparison of mass and emiss ion  s p e c t r o g r a p h i c  ana lyses  ( p p  A )  
13 -11 -10 -5 - 4 - 3 - 2 Sample No. - 
- M E L - -  E M  - -  E M - ! ! ! E - - - -  E M E W E  
Boron 3 1 1  1 5  1 5  1 3 1 8 3 ( 1 1  
Aluminum 10 3 1 0  7 2 0  1 5 3 0  3 0 1 5 2 0  5 5 3 0  5 
S i  1 i con  190 30 175 10 115 20 170 7 75 15  65 30 00 30 
Calcium 12 5 75 10 6G 15 3G 5 40 10 30 25 30 15 
I r o n  8 2 3 2 20 2 8 2 2 0  2 1 4  7 1 0  5 
Y = mass 
E = m i s s i o n  
+ * +  
Tab le  11. Hydrogen a n a l y s e s  by mass 
spec t rog raphy  and hot e x t r a c t i o n  (ppm w t . ) .  
Sample No. Mass. Spec. Hot E x t r a c t i o n  
Of' 125 75 200 
OP 128 25 185 
OP I l l  35 300 
OP 1.1 15 I75 
Because of t h e  e x c e l l e n t  checks ob ta ined  from mass s p e c t r o g r a p h i c  
a n a l y s e s  of hydrogen s t a n d a r d s  us ing  r e f r a c t o r y  m e t a l s  (Tab le  7 ) ,  Ne would 
tend  t o  r e j e c t  t h e  h o t  e x t r a c t i o r t  v a l u e s .  
An  i n t e r e s t i n g  f e a t u r e  of hydrogen a n a l y s e s  by mass spec t rography 
i s  t h e  c o r r e l a t i o n  of the peaks a t  mass 1 (hydrogen)  and mass 17 (OH+). 
The in t ens i t i e s  o f  tne t w 3  peaks vary t o g e t h e r ,  which sugges t s  t h a t  hydro- 
gen in HgO i s  p r e s e n t ,  a t  i east  p a r t l y ,  as Aydroxyi. 
v i .  R e p r o d u c i b i l i t y  anti accuracy ,  
I t  is dif f ircr l t  t o  assess the r e p - n d u r i h i i i t y  ana accuracy  of the  
mass s p e c t r o g r a p h i c  methods w e  have used f o r  the  a n a l y s i s  of  qagnesium oxide  
- 20 - 







The comple te  absence  of s t anda rd  YgO m a t e r i a l s  makes any v a l u e  a g u e s s .  
However, by us ng meta l  systems where s t a n d a r d s  a r e  a v a i l a b l e ,  we can make 
some e s t i m a t e s  of these pa rame te r s .  I n  systems of r e f r a c t o r y  m e t a l s  we 
f e e l  t h a t  bo th  r e p r o d u c i b i l i t y  and accuracy f o r  mass s p e c t r o g r a p h i c  me thods  
a r e  b e t t e r  than  f 50%. I n  c a s e s  where s t a n d a r d s  a re  a v a i l a b l e  b e f o r e  
a n a l y s i s ,  t h i s  f i g u r e  can probably  be reduced t o  f 30%. I n  a long-term 
series of a n a l y s e s  r e l a t i v e  v a l u e s  a r e  probably  a l s o  good t o  t 30%. 
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APPENDIX A 
The  mast s p e c t r o g r a p h i c  a n a l y s i s  of i n s u l a t i n g  and conduc t ing  
panders  is a s t r a i g h t f o r w a r d  procedure.  Conducting powders need on ly  t o  
be pressed i n t o  a shape w h i c h  i s  s u i t a b l e  f o r  use a s  an e l e c t r o d e .  The 
i n s u l a t i n g  powder r e q u i r e s  t h e  a d d i t i o n  of  a conduct ing  m a t e r i a l  s u c h  as 
g r a p h i t e  o r  silver. The major problem encountered  i n  our  work has been 
con tamina t ion  of t h e  compact w i t h  m a t e r i a l  from t h e  d i e .  
method f o r  removal of t h i s  contaminat ion has been developed .  The pro- 
cedure d e s c r i b e d  below i s  f o r  i n s u l a t i n g  ponders .  
A r e l i a b l e  
A weighed sample of t h e  i n s u l a t i n g  powder i s  mixed w i t h  twice 
t h e  weight  of pure  silver powder i n  a Wig-L-Bug f o r  1 m i n u t e .  
powder i s  99.999% pure and i s  a v a i l a b l e  from L. L igh t  Co., L t d . .  Colnbrook, 
England.  The two-to-one r a t i o  f o r  s i l v e r  t o  magnesium ox ide  is  necessa ry  
t o  form s t r o n g  e l e c t r o d e s .  Many o t h e r  powders r e q u i r e  l e s s  s i l v e r .  A f t e r  
mixing has  been accomplished,  two e l e c t r o d e s  a r e  prepared  u s i n g  t h e  
Ringsdorf f  Powder Moulding Die (Ringsdorf f  Carbon Corp.,  East  McKeesport, 
P a . ) .  T h i s  d i e  w i l l  produce e l e c t r o d e s  1/16" x 1 / 1 6 " ~ x  5/8"$hich can be 
The s i lver  
i n s e r t e d  d i r e c t l y  i n t o  E-? e l e c t r o d e  h o l d e r s .  
The s u r f a c e  c l e a n i n g  procedure,  w h i c h  i s  ex t r eme ly  impor t an t ,  
c o n s i s t s  of p h y s i c a l  removal of t h e  s u r f a c e  of t h e  compact. A f t e r  the 
campact fs removed from the d i e  t h e  s u r f a c e  is  sc raped  w i t h  a rantalum t o o l .  









e l e c t r o d e s  a r e  mounted i n  t h e  instrument so t h a t  spa rk ing  w i l l  occur  on 
i n t e r i o r  s u r f a c e s .  The l a s t  s t e p  i n  t h e  c l e a n i n g  i s  a long (30 t o  
100 X coulombs) prespark  exposure .  T h i s  procedure  has been success -  
f u l  f o r  the removal Of s u r f a c e  contaminants  i n s o f a r  as we have been a b l e  t o  
j u d g e  . 
Silver has  been used e x c l u s i v e l y  for  our work w i t h  powders 
because  i t  produces a s t r o n g  e l e c t r o d e  w h i c h  w i t h s t a n d s  the stresses of 
t h e  c l e a n i n g  procedure .  G r a p h i t e  i s  t h e  a l t e r n a t i v e  conduct ing  a d d i t i v e .  
We have avoided  u s i n g  g r a p h i t e  because the e l e c t r o d e s  produced a r e  m u c h  
weaker ,  s t r u c t u r a l l y .  However, g r a p h i t e  i s  a v a i l a b l e  i n  v e r y  high p u r  
ana may be needed i f  an impur i ty  of interest is p r e s e n t  i n  t h e  s i lver  
powder. 
I 
- 2 -  
-A- 
APPENDIX B 
The Analysis  o f  Nitrogen, Oxygen and Hydrogen 
Spark Source Mass Spectrography 
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The A n a l y s i s  of Nitrogen,  Oxygen, and Hydrogen 
Spark Source  Mass Spectrography* 
by 
F.D. L e i p z i g e r  and R . 3 ,  Guidoboni 
S p e r r y  Rand Research Center, Sudbury, Massachuse t t s  
ABSTRACT 
A procedure f o r  t h e  a e t e r m i n a t i o n  of n i t r o g e n ,  oxygen 
and hydrogen by spark  source  mass spec t rog raphy  i s  d e s c r i b e d ,  The 
r e d u c t i o n  of instrument blank levels  i s  an impor tan t  c o n s i d e r a t i o n  
in t h i s  a n a l y s i s .  F a c t o r s  which i n f l u e n c e  t h e  blank level i n c l u d e  
vacuum, Choice of sample e t c h ,  and baking of  t h e  source .  A pre -  
spa rk  of 100  t o  300 nanocoulombs is cons ide red  an f n t e g r a l  p a r t  of 
the procedure ,  since i t  a p p a r e n t l y  removes t h e  l a s t  t r a c e s  of 
s u r f a c e  i m p u r i t i e s .  Blanks below 1 ppm a tomic  have been observed.  
The procedure  can a l s o  be a p p l i e d  f o r  the d e t e r m i n a t i o n  of carbon.  
INTRODUCI'ION 
The use of  t h e  spark  source mass spec t rog raphy  f o r  low-level  
i m p u r i t y  a n a l y s p s  i s  a w e l l - e s t a b l i s h e d  procedure  ( 1 . 2 ) .  One  of t h e  
advan tages  of t h e  instrument is i t s  a b i l i t y  t o  i o n i z e  a l l  e l emen t s  wi th  
e q u i v a l e n t  s e n s i t i v i t y .  However, w h i l e  a n a l y s e s  of some nonmeta l l i c  
i m p u r i t i e s ,  such a s  s u l p h u r ,  boron, and phosphorous a r e  r o u t i n e ,  a n a l y s e s  
of the permanent gases have always been more d i f f i c u l t .  Carbon has  been 
t r a d i t i o n a l l y  grouped w i t h  hydrogen, n i t r o g e n ,  and oxygen a s  be ing  d i f f i c u l t  
t o  a n a l y z e  by t h i s  t e c h n i q u e ,  
The re  a r e  s e v e r a l  r easons  f o r  the  d i f f i c u l t i e s  encoun te rea  k i t h  
these a n a l y s e s .  
these e l emen t s ,  e s p e c i a l l y  i n  t h e  r e s i d u a l  g a s e s  p r e s e n t  i n  the source  of 
The major  problem lies in t h e  widespread occur rence  of 
t h e  instrument, a t  pressures B S  13% 8 ;  :G.-% t c i i .  A secofid protiemi i s  
t h e  ease w i t h  which these elements are  adsorbed  on the s u r f a c e  of a sample.  
' t  - 1 -  1, 
Indeed ,  an e t c h  which i s  meant t o  c l e a n  a sample s u r f a c e  may, i n s t e a d ,  
i n t r o d u c e  l a r g e  amounts of carbon, n i t r o g e n ,  hydrogen, and oxygen. 
A S  an i n d i c a t i o n  of the apparent  c o n c e n t r a t i o n  of t h e s e  e l emen t s ,  
when no  e f f o r t  has  been made t o  reduce the b lank ,  w e  might f i n d  carbon and 
hydrogen t o  appear  t o  be  1% a n d  n i t r o g e n  and oxygen t o  appea r  t o  be 0 . 1 %  
i n  a t y p i c a l  sample,  e v e n  w i t h  a sou rce  p r e s s u r e  of 5 x 1 0  t o r r .  These -8 
v a l u e s  a r e  s t r i c t l y  an i n d i c a t i o n  of t h e  blank l e v e l .  When a p p r o p r i a t e  
s t e p s  a r e  t aken  we f i n d  blank levels r ang ing  from 0 . 3  t o  1 ppm atomic f o r  
ca rbon ,  n i t r o g e n ,  oxygen, and hydrogen. 
I t  was o r i g i n a l l y  f e a r e d  t h a t  blank levels  f o r  hydrogen would be 
m u c h  higRer  than  f o r  nitrogen or  oxygen because of l a r g e  steel  s u r f a c e s  
w h i c h  had been hydrogen annea led  ( 3 ) .  However, i t  has  been p o s s i b l e  t o  
d e t e c t  hydrogen below 1 ppm ut. i n  r e f r a c t o r y  me ta l s .  By baking,  p re spa rk -  
ing, and t h e  j u d i c i o u s  choice of  e t c h i n g  r e a g e n t s ,  we have been a b l e  t o  
hold  b l a n k s  f o r  H, N, and 0 t o  r easonab ie  l e v e l s  and perform a n a l y s e s  f o r  
these e l emen t s  wf th in  the c a p a b i l i t i e s  of the spark sou rce  mass s p e c t r o -  
graph .  
EXPERI MmTAL 
We a r e  r e p o r t i n g  t h e  r e s u l t s  of a se r ies  of a n a i y s e s  f o r  n i t r o g e n  
and oxygen i n  NBS steels .  
c e r t i f i e d  f o r  n i t r o g e n  ana oxygen c o n t e n t .  
These  m a t e r i a l s  were chosen because  t h e y  have been 
A l s o  r e p o r t e d  a r e  a n a l y t i c a l  resul ts  f o r  low levels  of n i t r o g e n ,  
oxygen, and hydrogen i n  p la t inum,  go ld ,  ana some r e f r a c t o r y  m e t a l s .  The 
r e f r a c t o r y  m e t a l s  were ena lyzed  du r ing  a round r o b i n  sponsored bv t h e  N a t i o n a l  
Academy of Sciences, and mass s p e c t r o g r a p h i c  v a l u e s  a r e  compared w i t h  t h e  
mean of  all o t h e r  methods. However, the  t e c h n i q u e  t o  be  d e s c r i b e d  below has 
2 -  
I '  
a l s o  been found a p p l i c a b l e  t o  o t h e r  m e t a l s  and t o  many i n s u l a t o r s .  
a n a l y s e s  f o r  carbon i n  t h e s e  same m a t e r i a l s  appear  t o  g i v e  r easoneh ie  re -  
s u l t s ,  there a r e  no c e r t i f i e d  samples a v a i l a b l e .  
Sample P r e p a r a t i  on 
Although 
The three f a c t o r s  w h i c h  a r e  most important  t o  t h e  a n a l y s e s  of 
these e l emen t s  a r e :  good vacuum t o  remove s u r f a c e  l a y e r s :  baking t o  remove 
adsorbed  g a s e s  from t h e  s o u r c e  and sample, and p respa rk ing  t o  p r e s e n t  a 
c l e a n  s u r f a c e  f o r  a n a l y s i s .  
s tudy .  HF and HCL were used  t o  e t c h  t h e  steel samples,  a l though  e x t e n s i v e  
p r e s p a r k i n g  and baking a f t e r  an e t c h  w i t h  HNO were s u f f i c i e n t  t o  g i v e  
r e a s o n a b l e  values f o r  oxygen a n d  n i t r o g e n .  
The use of o x i d i z i n g  a c i d s  was avoided  i n  t h i s  
3 
After a r e l a t i v e l y  l a r g e  amount of m a t e r i a l  was removed by the 
e t c h a n t ,  t h e  samples were r i n s e a  and p l aced  i n  t h e  mass spec t rog raph .  Once 
a s u i t a b l e  vacuum had been a t t a i n e d  (5 x lo4 t o r r  o r  b e t t e r )  the source  
was baked o v e r n i g h t ,  a t  B t empera tu re  of 175OC. 
a n a l y t i c a l  exposures ,  a prespark  exposure  of 300 x lo-' coulombs was made. 
Then t h e  a n a l y t i c a l  exposures  are made i n  t h e  reverse of t h e  normal o r d e r ,  
i . e . ,  the  l o n g e s t  exposure  i s  made f i r s t  w i t h  subsequent  s h o r t e r  exposures .  
We have found t h a t  t h i s  procedure  keeps  t h e  spa rk ing  a r e a  f r e e  of re- 
adsorbed  g a s e s .  
P r i o r  t o  making the 
A p a i r  o f , e l ec t rodes ' ,  each  1/6" x 5/8", were cut  from the c e n t e r  
o f  a l l  samples .  These  were etched i n  HF-HCL and p laced  i n  t h e  mass s p e c t r o -  
graph .  A f t e r  baking and p respa rk ing ,  a series of a n a l y t i c a l  exposures  rang-  
i n g  from 100 x t o  0.001 X coulombs were t aken .  
P l a t e  i n t e r p r e t a t i o n  was made u s i n g  both  v i s u a l  and d e n s i t o m e t r i c  
t e c h n i q u e s .  The a n a l y t i c a l  l i n e s  used were a t  m a s s e s  14 enti 7 fer  nitregen, 
- 3 -  
16 and 8 for  oxygen, and 1 f o r  hydrogen. 
r a t i o  M+/M++, 
A f a c t o r  of ten was used f o r  t h e  
I n s t r u m e n t a l  parameters  were: spark  v o l t a g e  3%; r e p e t i t i o n  
ra te  100 c p s ;  p u l s e  l e n g t h  200 microseconds,  
RESULTS AND DISCUSSICXY 
The results of our  analyses a r e  shown i n  Tables  1 - 3.  While 
t h e  eccorscp 3f the resuits is not good when compared t o  chemical methods, 
i t  i s  nevertheless well w i t h i n  the accuracy  of  t h e  in s t rumen t .  
i n t e r e s t i n g  t o  n o t e  t h a t  e l l  a n a l y s e s  were performed assuming a s e n s i t i v i t y  
c o e f f i c i e n t  of u n i t y .  T h i s  i s  i n  marked c o n t r a s t  t o  t h e  work of Har r ing ton  
et 81 ,  ( 4 )  who found a8 exper imenta l  s e n s i t i v i t y  f a c t o r  of 6.4  f o r  n i t r o -  
gen  and 7 . 9  for  oxygen i n  s t anda rd  i r o n  samples .  
advan tages  of t h e  t echn ique :  
wide v a r i e t y  of materials t o  which i t  can be a p p l i e d ,  
I t  i s  
There  a r e  two m a j o r  
s e n s i t i v i t y  ( 1  ppm a tomic  or  less) and the 
T a b l e  1. Oxygen and Ni t rogen  Analyses  of NBS C e r t i f i e d  Steels ippm wt.). 
Sample No, O2 C e r t i f i e d  O2 Found N2 C e r t i f i e d  N2 Found 








I042 170 24 5 
210 
115 







90 9 G  
05 
55 
Avg, 70  
55 
i 4Ei 
1 4 0  
avg. io5 





6 5  
62 
Avg. 54 
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T a b l e  2. Oxygen and Nitrogen Analyses  o f  Gold  and P la t inum (ppm w t . 1 .  
- *2 
Gold "A" 0.08 
0.08 
0.13 
Gold "B" 0.70 
0.62 
0.79 












T a b l e  3. Hydrogen Analyses  of R e f r a c t o r y  Meta ls  (ppm w t  .). 
l a t e r i  a l  Hydrogen, C e r t i f i e d  Hydrogen, Found 
Mol ybdenur  
Niobium 
Tan t e l  urn 
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APPENDIX C 
Because of  t h e  problems a s s o c i a t e d  w i t h  t h e  a n a l y s i s  of s o l i d  
i n s u l a t o r s . w h i c h  have been o u t l i n e d  i n  Sec. 11. E. i v .  of t h i s  r e p o r t ,  
we have made a t t e m p t s  t o  avoid  u s i n g  conductors  a s  an a i d  i n  the i o n i z a -  
t i o n  of i n s u l a t o r s .  A p r i v a t e  cormrunication from l a b o r a t o r i e s  i n  
England s t a t e d  t h a t  t hey  had been ab le  t o  ach ieve  d i r e c t  spa rk ing  of 
smal l  MgO s i n g l e  c r y s t a l s .  S i n c e  t h i s  t y p e  of t echn ique  would be of 
d i r e c t  a i d  t o  us, we a t t empted  a s i m i l a r  t echn ique .  
T h e r e  has  been no r e a l  problem w i t h  t h e  d i r e c t  spa rk ing  o f  two 
MgO e l e c t r o d e s .  Unusual ly  high-spark v o l t a g e s  a r e  necessa ry  and the ion  
currents produced a r e  feeble, but  enough i n t e g r a t e d  current i s  a v a i l a b l e  
i n  a r e a s o n a b l e  time t o  o b t a i n  1 ppa A s e n s i t i v i t y  e a s i l y .  Table  1 
l i s t s  mass s p e c t r o g r a p h  s e t t i n g s  fo r  s p a r k i n g  of i n s u l a t o r s .  The prob- 
lem of e l e c t r i c a l  c o n t a c t  between the sample and the ho lde r  has n e c e s s i t a t e d  
t h e  use of a s o f t  me ta l  clamp f o r  ho ld ing  the sample.  
a r e  i n s e r t e d  d i r e c t l y  i n t o  t h e  h o l d e r ,  the s p a r k i n g  is both weak and e r r a t i c .  
S i n c e  high temperatures a r e  developed i n  t h e  sample r o d s ,  t h e  h o l d e r  mate- 
r i a l  m u s t  have a f a i r l y  high m e l t i n g  p o i n t .  A l u m i n u m  has proved t o  be the 
most useful m a t e r i a l ,  a l t hough  saue aluminum from the h o l d e r  appears  i n  the ' 
spec t rum.  
I f  t h e  YgO samples 
Thermal i o n i z a t i o n  of sodium, potass ium,  and ca lc ium is enhanced 
by the h e a t  g e n e r a t e d  i n  the samples d u r i n g  s p a r k i n g .  Use o f  t h e  doubly 











ionized lines at 11.5 for sodium, 19.5 for potassium, and 2U for  calcium 
makes analysis for these elements possible with only a small l o s s  i n  
sensitivity. 
I 
There apparently is sane correlation between the pressure at 
which the MgO is compacted and the ease of sparking. 
highest density sparked with the least trouble while friable materials 
were most dif f ic lz l t  t o  spark. 
MgO samples of the 
Table 1. Instrument settings for analytis of insulators. 
Spark voltage 55-65 kV  
Pulse length 100 usee 
Repetition rate 30-300 cps 
Average time for 1 x coulaab exposure is 15 min. 
f 
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APPENDIX D 
Spec t rog raph ic  Ana lys i s  of YgO 
Principle. 
A method has been developedwhich p rov ides  f o r  the d e t e m i n a -  
t i o n  o f  i m p u r i t i e s  i n  h igh -pur i ty  HgO. The samples  a r e  weighed d i r e c t l y  
i n t o  necked-cup e l e c t r o d e s  and e x c i t e d  w i t h  a dc a r c  i n  an argon-oxygen 
atmosphere.  The r e s u l t i n g  s p e c t r a  are recorded  on a photographic  p l a t e  
and t h e  t r a n s m i t t a n c e s  of t h e  a n a l y t i c a l  and i n t e r n a l  s t a n d a r d  lines a r e  
measured and A log I v a l u e s  are c a l c u l a t e d .  The p e r c e n t  c o n c e n t r a t i o n  
of t h e  v a r i o u s  i m p u r i t i e s  is  determined from p r e v i o u s l y  prepared  
a n a l y t i c a l  working c u r v e s ,  
P r e p a r a t i o n  of S tanda rds .  
S t a n d a r d s  were prepared  t o  cover  the c o n c e n t r a t i o n  r ange  o f  
.001 t o  .1 p e r c e n t .  These s t a n d a r d s  were s y n t h e s i z e d  by the p r e p a r a t i o n  of 
a m i x t u r e  of Johnson Matthey "specpure" r e a g e n t s  and t h e  s u b s e q u i n t  addi -  
t i o n  of v a r y i n g  amounts of h igh -pur i ty  magnesium oxide  t o  o b t a i n  t h e  
desired impur i ty  levels. A l l  powders used were ground t o  pas s  a 200- 
mesh  s i e v e  w i t h  a boron c a r b i d e  mor t a r  and pestle t o  ensure homogeneous 
mixing in a b a l l  m i l l .  The s t a n d a r d s  prepared  i n  t h i s  manner were t h e n  
d i l u t e d  w i t h  g r a p h i t e  i n  a 1 : l  r a t i o  and p laced  i n  a b a l l  m i l l  f o r  homo- 
geneous mixing .  
Sample P r e p a r a t i o n .  
A l l  samples a r e  ground t o  pass  a 200-mesh s i e v e  i n  boron c a r b i d e  
( a s  were a l l  r e a g e n t s  used f o r  s t a n d a r d s ) .  An equa l  weight  of  g r a p h i t e  
was added t o  t h e  s a a p l e s ,  w h i c h  were t h e n  p l aced  i n  a b a l l  m i l l  f o r  mix- 
i n g .  
P r o c e d u r e .  ' 
weighed d i r e c t l y  i n t o  necked-cup e l e c t r o d e s  and i g n i t e d  w i t h  a dc a r c  i n  
an atmosphere of 70% argon and 3orc oxygen ( t o  e l i m i n a t e  cyanogen-band forma- 
t i o n )  u s ing  the o p e r a t i n g  parameters  l i s t ed  i n  Tab le  1. A f t e r  t h e  s p e c t r a  
l 
a r e  r eco rded  t h e  p l a t e  i s  developed ,  t h e  t r a n s m i t t a n c e s  of the a n a l y t i c a i  
and i n t e r n a l  s t a n d a r d  l i n e s  a r e  measured, and Log I v a l u e s  a r e  c a l c u l a t e d  
u s i n g  t h e  S e i d e l  f u n c t i o n .  The percent c o n c e n t r a t i o n  i s  de termined  on an 
a n a l y t i c a l  working curve t h u s  prepared .  
T a b l e  1. Opera t ing  parameters  f o r  t h e  a n a l y s i s  of #go. 
Wavelength range 
E x c i t a t i o n  
Amperage 
P r e b u r n  
Exposure 
A n a l y t i c a l  gap  
S l i t  wid th  
S l i t  h e i g h t  
Atmosphere 
Earulsion 
'* 2400-4400 1 
dc a r c  
12  Q .5 A 
none 
45 sec  
3 m  
10 w 
2.5 IBU 
70% argon/= oxygen 
Kodak SA-1 
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L i s t e d  below are the r e s u l t s  of analyses of various mater ia ls  
suhaitted to  the  Sperry Rand ResearCh Center by the J e t  Propulsion 
Laboratory f o r  mass spectrography. 



















* * *  
Table 2. Yass spectrographic tungsten analyses ( p p  u t . )  
G .  E.  Powder Met. 
< 0.1 L i  
0.06 B 
0 . 3  F 
0 . 2  Na 
14 A 1  
35 Si  
2 S 
8 c1 
> l  K 
0.2 Ca 
< 0.1 V 
0 . 4  * Cr 
0 . 4  = Fe 


















































P < 1  





Sample 157-72 Sample 157-73 
C 110 C 90 
N 75 N 5 
0 95 0 12 
B 5 A1 25 
F 5 (etch) Si 30 
3 Fe 1 
A1 10 Ag 1 
Si  30 
P 3 
5 5 










Fe  0 
Ga 2 






F 300 (etch) 
Na 1.5 
A1 2 
C1 1100 (etch) 
K 6 
si 10 ..+ 
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